Abstract. The influences of mechanical milling on Indonesian Natural Bentonite (INB) characteristics and manganese (Mn) removal from acid mine drainage (AMD) were investigated. The INB characteristics were observed by scanning electron microscope (SEM), X-ray diffraction (XRD), nitrogen adsorption-desorption for specific surface area (SSA) and microporosity measurement, cation exchange capacity (CEC) and particle size distribution (PSD) analyzer. Four minutes milling with frequency 20 Hz on INB caused morphological change which showed more crumbled and destructed particle, lost the (001) peak but still retained the (100) peak that indicated delamination of montmorillonite mineral without breaking the tetrahedral-octahedral-tetrahedral (T-O-T) structure, rose the CEC from 28.49 meq/100g to 35.51 meq/100g, increase in the SSA from 60.63 m2/g to 104.88 m2/g, significant increase in microporosity which described in the t plots and decrease in the mean particle size distribution peak from 49.28 µm to 38.84 µm. The effect of contact time and effect of adsorbent dosage on Mn sorption was studied. Both unmilled and milled samples reached equilibrium at 24 hours and the pH rose from 4 to 7 in first 30 minutes. The Mn removal percentage increased significantly after milling. Using Langmuir isotherm, the maximum adsorbed metals (qmax) also increased from 0.570 to 4.219 mg/g.
Introduction
Bentonite, clay material containing montmorillonite minerals including to the smectite group, naturally formed by volcanic ash alteration or hydrothermal alteration, is widely used for environmental purposes such as adsorbent, radioactive barrier, liner disposal and so on due to its absorbability and low permeability [1, 2] . Some modifications have been developed to improve bentonite sorption performance such as acid activation, pillaring, and milling [3, 4, 5] . Milling itself is non-chemical modification technique, usually using spinning jar with stainless still balls inside. The spinning jar causes pounding motion of the balls to the sample. This ball milling process reduces the bentonite particle size, change the morphology and crystal structure, exfoliation, increase at specific surface area (SSA) and cation exchange capacity (CEC), and improve heavy metal sorption performance [6, 7] . Continuous milling will gradually affect montmorillonite crystal structural change which finally leads to amorphization. Intensive milling process gradually increased the SSA and CEC and reached the peak which then decreased [8] .
This study is utilizing Indonesian natural bentonite (INB), located at Wonosegoro area, Boyolali district, Central Java, Indonesia which has hypothetical resource 58 million tons of natural bentonite [9] . Milling mechanical modification was conducted using small ball miller instead. Simple mechanism moving left right with one stainless steel ball inside at certain frequency that would give straight impact on the sample.
Milling modification of INB is applied for manganese (Mn) removal from acid mine drainage (AMD). One of coal mining company in Jorong area, Tanah Laut district, South Kalimantan, Indonesia showed elevated Mn concentration with range 1.7 mg/L -27.2 mg/L and pH 3.03-3.04 [10] . Indonesian government set the maximum limit of Mn concentration 0.1 mg/L for drinking water and 4 mg/L for mining waste. The difference is because the usage purposes. Indonesian government divides the water type into several classes considering the usage purpose. For instance, drinking water has different limit parameter with agricultural and fish cultivation purpose [10, 11] . Indonesian natural bentonite and milling modification are considered as abundant low-cost material and low-cost treatment for AMD treatment.
Material and methods

Field sampling and sample preparation
Bentonite was taken from Wonosegoro area, Boyolali district, Central Java, Indonesia. Prior to sampling, outer bentonite exposed was dug +10 cm first in order MATEC Web of Conferences 156, 03046 (2018) https://doi.org/10.1051/matecconf/201815603046 RSCE 2017 to get uncontacted sample with the atmosphere. Sample was crushed using mortar and sieved pass 50 mm in order to get finer and relatively uniform particle size. The sample was then milled using Retsch MM 400. One gram sample was put inside grind jar (size 50 ml) and milled for 4 minutes with vibrational frequency setting was 20 Hz.
Characterization
Crystal structural changes were observed using x-ray diffraction (XRD) equipment Rigaku Multiflex, operated at 40kV and 20 mA. The XRD analyzer using Jade 5 software. Morphological changes were observed using Scanning electron microscope (SEM) Keyence VE-8800 with 3000 -5000 times magnifications. Microporosity and SSA were measured using multiple-point nitrogen adsorption-desorption technique, with BELSORP-max. Particle size distribution measurements were made by SALD-2300 laser diffraction particle size analyzer. The CEC was determined using Chapman method by saturating the sample with sodium acetate and replacing sodium with ammonium acetate [12] .
Adsorption study
Effect of contact time was investigated. Two portions 100 mL of Mn solutions with concentration of 27.48 mg/L (diluted from Mn Wako standart solution 1000 ppm) with pH 4 were prepared in 100 mL beaker glasses. 1 gr unmilled and 4 minute-milled bentonite were added to each beaker glass. Magnetic stirrer was used to mix the bentonite and solution. The magnetic stirrer was set to 230 rotations per minute (RPM) at room temperature. The mixtures were sampled at 30 m,1 h, 2 h, 4 h, 6 h, 12 h, 24 h, 48 h and 72 h.
Effect of sorbent dosage was investigated. Various mass of unmilled and 4 minutes milling bentonite were prepared (0.4, 0.6, 0.8, 1 and 1.2 g). The manganese solution was the same condition with the previous solution.
The concentration of all samples were measured using induced coupled plasma atomic emission spectroscopy (ICP-AES) Seiko Instrument, SPS 7800 (II). Adsorbed amount of Mn on INB then calculated using this equation: The Jade 5 XRD analyzer software did not exhibit any peak read of (001) montmorillonite after 4 minutes milling (Fig. 2) . But the interesting found is it still retained the (100) without any structural change, indicating delamination of montmorillonite mineral without breaking the tetrahedral-octahedral-tetrahedral (T-O-T) structure. It is different from Vdović et al (2010) [8] , the decrease in intensity of (001) followed by (100) together which finally both lost peak, indicated transformed to amorphous due to prolonged milling. Different miller and energy would probably give different effect on exfoliation and deformation phases of montmorillonite.
The initial CEC of INB was 28.49 meq/100 g and increased after 4 minutes milling to 35.51 meq/100 g, attributed to disaggregation of INB which leads to more opened exchangeable cation on basal planes of montmorillonite
Fig. 2. XRD pattern of unmilled and milled bentonite
The N 2 adsorption-desorption shows hysteresis, indicated the INB is porous material (Fig. 3) . This hysteresis shape also confirmed the INB as slit pore shape (type B) [13] . After milling the hysteresis appears narrower. The initial SSA of unmilled INB, using Brunauer, Emmet, and Teller (BET) method, was 60.63 m 2 /g, and increased after 4 minutes milling to 104.88 m 2 /g.
Fig.3. Adsorption-desorption isotherm of unmilled and 4 minutes milling INB
Significant increase in microporosity after milling is described in the t plots (Fig. 4 , Table 1 ). The t-plot method, developed by Lippens and de Boer, is standard isotherm describes relationship between relative pressure and thickness of adsorption layer [14] . The thickness (t) can be obtained from this equation:
Va = volume of gas adsorbed (mL) Vm = volume of monolayer gas adsorbed on the sample surface (mL)
The number 0.354 nm is the thickness of monomolecular layer where the nitrogen molecules considered as hexagonal on adsorbent surface, therefore, it is smaller than nitrogen molecule diameter.
The unmilled and milled INB t plots have two slopes that the one sharp and the other steeper, it means the sample is type (II) which indicates it has micropores [14] .
The increase of micropore volume and micropore surface area are confirmed the particle disaggregation also opened new pores due to milling. On the other hand, the 2 t did not significantly change. Initially phase of delamination only shifting along the basal planes [15] . Therefore, in this study, is assumed the delamination after 4 minutes milling the basal planes only shifted, and has not caused fully separation between T-O-T planes. The PSD curve before and after milling shown in Fig.  5 . The PSD of unmilled INB, dominated by coarser particle population with mean 49.28 µm. After milling, the coarser population decreased to 38.84 µm. The finer particle population remains unchanged at 9.316 µm. 
Sorption study
Effect of contact time can be seen in Fig. 6 . Amount sorbed respect to time both unmilled and 4 minutes milling of INB. Sorption improvement of Mn shown after 4 minutes milling. Initially, adsorption rate increased rapidly, and the optimal sorption was reached around 24 hours. Further increase was not significant indicated reached equilibrium. The pH has risen became 7 in 30 minutes. Langmuir isotherm plot is shown in Fig.8 . The q max and KL can be calculated from slope = 1/q max value and intercept = 1/KL.q max value. The calculation result is shown in Table 2 . The value of q max is increasing significantly, exhibits milling has brought on better sorption.
Fig. 8. Langmuir isotherm unmilled and 4 minutes milling of INB
Left-right moving milling mechanism with 20 Hz in frequency during 4 minutes deformed the (001) montmorillonite but still remained the (100), indicated delamination without destruct the T-O-T structure. According to the significant increase in microporosity from the t plot, but there was no significant change of t plot, it is assumed the delamination did not fully separated between the T-O-T planes. Further study about equipment and energy effect, and mineral orientation after and before mechanical modification are needed.
The INB adsorption performance for Mn removal from AMD was improved by milling. The removal percentage, maximum adsorbed metal and the pH was successfully increased. However, milling optimization on INB need to be more investigated in order to get more maximum Mn removal and also for the other heavy metals. Milling and INB is promising as lowcost modification and low-cost material remediation.
